Purpose: Procedural sedation is commonly performed in the emergency department (ED). Having safe and fast means of providing sedation and anxiolysis to children is important for the child's tolerance of the procedure, parent satisfaction and efficient patient flow in the ED. Objective: To evaluate fasting times associated with the administration of intranasal midazolam (INM) and associated complications. Secondary objectives included assessing provider and caregiver satisfaction scores. Methods: A prospective observational study was conducted in children presenting to an urban pediatric emergency department who received INM for anxiolysis for a procedure or imaging. Data collected included last solid and liquid intake, procedure performed, sedation depth, adverse events and parent and provider satisfaction. Results: 112 patients were enrolled. The mean age was 3.8 years. There were no adverse events experienced by any patients. Laceration repair was the most common reason for INM use. The median depth of sedation was 2.0 (cooperative/tranquil). The median liquid NPO time was 172.5 min and the median NPO time for solids was 194.0 min. 29.8% were NPO for liquids ≤2 h and 62.5% were NPO for solids ≤2 h. Parent and provider satisfaction was high: 90.4% of parents' and 88.4% of providers' satisfaction scores were a 4 or 5 on a 5 point Likert scale. Conclusion: Our data suggest that short NPO of both solids and liquids are safe for the use of INM. Additionally, parent and provider satisfaction scores were high with the use of INM.
Introduction
Procedural sedation is commonly performed in the pediatric emergency department (ED). Minor procedures such as laceration repairs in children are among of the most frequently performed procedures in the ED. These procedures can cause significant anxiety in both the child and caregiver and thus can make the procedure more challenging for the provider and lead to parental dissatisfaction. Having safe and fast means of providing sedation and anxiolysis to children is important for the child's tolerance, parent satisfaction and efficient patient flow in the ED. Medications that have a quick onset and short duration are ideal in the ED setting. Intranasal medications can be used without the need for intravenous line placement and may obviate the need for the use of physical restraint during ED minor procedures.
Intranasal midazolam (INM) is a commonly used sedative in the ED to help achieve anxiolysis and amnesia during procedures [1] [2] [3] . INM is a water-soluble drug that has rapid onset (10-15 min) and a short halflife (20-40 min) [1, 4, 5] . INM has been shown to be easy to administer and is effective at decreasing anxiety and easing the procedural process [4, 6, 7] . These characteristics make it a useful drug in the ED setting.
The American Society of Anesthesiologists recommends NPO times of 6 h for solids and 2 h for clear liquids prior to procedural sedation/ anesthesia for elective procedures [8] . The American College of Emergency Physicians clinical policy states that fasting time has not been shown to decrease risk of emesis or aspiration in ED procedural sedation and that lack of fasting is not a contraindication to perform procedural sedation [9] . Nonetheless, at many institutions the ASA guidelines form the basis for procedural sedation protocols [8, 10] . Abiding by these strict recommendations can result in significant delays in a busy ED. Research regarding short fasting times is limited although recent studies have shown no increased risk of adverse events with shorter fasting times in pediatric patients. Many of these studies however, still had long fasting times, averaging four to 6 h and most have not evaluated intranasal medications [11] [12] [13] [14] [15] [16] . Studies specifically evaluating fasting times and associated adverse events with INM are limited. One prior ED based study on INM and short fasting times by Lane et al. in ever, in this study, fasting times were still relatively long, with an average of 3.5 h and by study protocol patients over 60 months were excluded [3] . There are no existing studies that evaluate both patient safety and parent/provider satisfaction.
The primary objective of our study was to evaluate fasting times (both last liquid oral intake and last solid oral intake) associated with the administration of intranasal midazolam and associated adverse events in a broader pediatric age range. Secondary objectives included assessing both provider and caregiver satisfaction scores with the use of INM for procedures.
Methods
A prospective observational study was conducted at an urban pediatric emergency department with an annual census of 65,000 patients. All children ages birth to 18 years presenting to the ED from January 2017 to October 2017 who received INM as sedation for a procedure or imaging were included. Children who received INM for issues other than procedures/imaging (i.e. seizure), received more than one medication for sedation, patients who eloped from the ED, or patients previously enrolled in the study were excluded. Patients with incomplete information that could not be found in the electronic medical record were excluded.
A convenience sample was collected using patients who met inclusion criteria and were enrolled in the study when providers (attending physicians, fellows and residents) were available. INM dose was generally based on dosing guidelines in the electronic ordering system as 0.4-0.5 mg/kg with a max total dose of 10 mg. To maximize enrollment during the study period, residents were emailed information about the study and inclusion exclusion criteria. The administration of INM was performed by the nurse with the child sitting up. Using a 1 mL (mL) syringe, intravenous midazolam (5 mg/mL) is drawn up and delivered via atomizer (MAD Nasal™ Intranasal Mucosal Atomization Device) by the intranasal route. The atomizer requires an extra 0.1 mL as it is lost within the device. Although some experts recommend using lidocaine first as INM can cause some burning on administration, it is not the standard of care at this institution and was not used in these study patients. When using INM alone at this institution, by policy it is termed anxiolysis and not sedation, therefore by policy, patients do not require formal written consent or additional nursing staff for in the room monitoring. Additionally, the ED sedation policy with Nil per Os (NPO) guidelines and specific monitoring and recovery requirements do not apply in these patients as they are receiving anxiolysis. It is the standard that patients are placed on a pulse oximetry monitor while in the ED after receiving INM. For pain control with lacerations, as part of our nursing triage protocol, the ED the nurse can apply topical LET (lidocaine 4%, epinephrine 0.1%, tetracaine 0.5%) to wounds without a physician order.
A data collection form was created to collect patient medical record number, weight, gender, last solid and liquid intake, procedure performed, sedation depth (using the Ramsey Sedation Scale (anxious/agitated, cooperative/oriented/tranquil, asleep/response to light stroke, asleep/sluggish response to stroke, no response to light stroke, no response to painful stimuli)), adverse events (vomiting, hypoxia (b90%), paradoxical reaction, apnea, stridor, or laryngospasm), parent satisfaction and provider satisfaction on a Likert scale (Tables 1 and 2 ) [15, 17] . Following the procedure, the physician approached the caregiver using a standardized script to ask about their satisfaction regarding the use of INM. Providers were asked to fill out the form for any patient undergoing a procedure and receiving INM. The study was approved by the institutional review board.
Electronic medical record (EMR) review was conducted by the primary author. Confirmation of patients' age, gender, weight, procedure performed, INM dose (in mg/kg) and time of administration was obtained from the EMR. Using time stamps in the EMR, time from ED arrival to INM dose and time from INM dose to ED discharge were calculated. Additionally, we reviewed the EMR to ensure no patients returned to the ER within 3 days of the procedure for an adverse event to the sedation.
Data were collected from the electronic medical record then analyzed using IBM SPSS Statistics 22.00. Data is presented as mean ± standard deviation or median with 25-75% interquartile range depending on the distribution of the data. The Sharpiro-Wilk test was used to assess normality. Frequencies (%) were rounded to the nearest whole number. A p-value of b0.05 was consider significant.
Results
There were 405 patients who received INM during the study period. Of these, 112 patients were enrolled in the INM study who received INM as sedation for a procedure in the ED. One was excluded for age N 18 years, and seven were excluded for unrecorded fasting times. No excluded patient experienced an adverse event. The study group was comprised of the remaining 104 children. No enrolled patients dropped out during the study.
The study patient population was 53.8% male, 50% Caucasian, 32% Hispanic, 9% Black or African American, 2% Asian, and 9% Other. The mean age of study patients was 3.8 years (SD, 2.7 years) with a range of 0.9 to 14 years and a mean weight of 19 kg (SD, 9.8 kg; range, 9.1-59.3 kg) ( Table 3 ). The median INM dose was 0.4 mg/kg (SD, 0.07 mg/kg). Table 4 shows the procedures performed under the use of INM. Laceration repair was the most common reason for INM use in this cohort (83.7%). 99% (86 of 87) of patients undergoing laceration repair received documented analgesia with LET applied at least 20-30 min prior to the procedure. There were no adverse events experienced by any patients who received INM in this study.
Depth of sedation scores were recorded on 100% of patients. The median depth of sedation was 2.0 (cooperative/tranquil) with a range of 1.0-4.0 (anxious/agitated to asleep/sluggish response to light stroke). The median depth of sedation was 2 (cooperative/tranquil), which was achieved in 79% of all patients, with range from 1 to 4. Only one patient in the cohort required an additional sedative medication to Table 1 Likert scale for parent/provider satisfaction. complete a procedure. This was a toddler undergoing head and face computed tomography (CT) who required escalation to ketamine sedation to complete the procedure. Internal dosing guidelines at our institution recommend 0.4-0.5 mg/kg for anxiolysis, and most study patients received a dose of 0.4 mg/kg or above with a maximum dose of 10 mg. However, 11 patients received b0.4 mg/kg (without reaching the max dose of 10 mg due to weight). NPO status was captured in 100% of patients. The median liquid NPO time was 172.5 min (SD, 148.3 min; range 0-720 min) and the median NPO time for solids was 194.0 min (SD, 180.6 min; range 9-946 min). Of all patients, 29.8% were NPO for liquids ≤2 h and 62.5% were NPO for solids ≤2 h prior to the dose of INM.
Using a five point Likert scale, parent and provider satisfaction were assessed. The vast majority of both parents and providers were somewhat to very satisfied, 90.4% and 88.4% respectively. A small percentage of both parents and providers were unsure of their satisfaction with the use of INM, 5.8% (n = 6) and 2.9% (n = 3) respectively. Only 1.9% (n = 2) of parents were somewhat dissatisfied with the use of INM, both patients were undergoing laceration repair and both patients were b3 years old. No parents were extremely dissatisfied. Of providers 5.8% (n = 6) were somewhat dissatisfied and 1.9% (n = 2) were extremely dissatisfied (Table 5 ). In the 8 patients, whose providers were either somewhat dissatisfied or extremely dissatisfied, 3 received a dose lower than 0.4 mg/kg INM. Those patients with low provider satisfaction were more like to have received a dose less than the recommended dose of 0.4 mg/kg (p = 0.04).
In the study cohort, the mean length of stay from ED arrival to discharge was 175 min (SD7.1, range ). Once patients were placed in a room, the mean time to INM administration was 103 min (SD 4.3, range ). From the time INM was administered and the procedure performed the mean time to discharge was 58 min (SD 4.5, range ).
Discussion
Ensuring appropriate sedation for children undergoing procedures in the ED is an important attribute in providing quality care and parental satisfaction. INM is an increasingly common medication being used in both the pediatric and general ED to provide sedation to children undergoing procedures [1] [2] [3] . Potential advantages are minimizing physical restraint of patients, obviating need for intravenous lines for sedation, faster throughput compared to intravenous sedation, rare occurrence of adverse events, and high patient and provider satisfaction. Fasting times during the use of INM has been evaluated in prior studies, however previous studies have had limited age ranges and on average long fasting times (up to 6 h) [11] [12] [13] [14] [15] [16] . Our study is the first to evaluate safety of shorter fasting times in a wide pediatric age range and document high objective measures of parent and provider satisfaction.
In our study, no patient, regardless of fasting time, suffered any side effects or adverse outcome. Although the median fasting times for liquids and solids were 172.5 min and 194.0 min respectively, 29.8% and 62.5% in each group had fasting times ≤2 h. Further, there were 5 patients who had a b10-minute liquid NPO time and no adverse outcomes were experienced. Our data suggests that short NPO times (≤2 h) of both solids and liquids are safe for the use of INM.
The one patient who required an additional agent for sedation was undergoing a CT scan of the brain and face. The patient had a fasting time N2 h for both solids and liquids. Per review of his record it appears that the patient was moving and talking too much to obtain the CT scan. There were 4 other patients who underwent CT imaging where INM was successfully used. INM would still be recommended and deemed safe in children undergoing imaging, however due to INM's disinhibition properties, excessive movement is possible but in this study, was a rare occurrence.
Further, providing appropriate sedation for the child during procedures performed in the ED is vital to ensuring that parents are satisfied with the care their child receives. In this study, the majority of parents and providers were somewhat to very satisfied with the use of INM during their child's procedure. In the rare case where satisfaction was low, the total administered dose of INM was more likely to be b0.4 mg/kg. While 0.4 mg/kg (and 10 mg max dose) is higher than IV dosing for midazolam, providers should be aware that 0.4 mg/kg is a safe and effective dose.
Factors including pain management, wait time, communication, and attentive staff have also been shown to be associated with parent satisfaction in EDs [18] [19] [20] . A busy ED setting can pose challenges to achieving high parent satisfaction especially in cases where their child is undergoing a painful procedure, as this creates excess stress on the parent [21, 22] . Patient and parental satisfaction has become more of a focus in for management EDs for many reasons including the increasing use of patient surveys such as Press Ganey to judge ED performance. Studies evaluating factors associated with higher Press Ganey scores have shown that shorter ED stays were associated with higher satisfaction scores [23, 24] . Using INM for procedural sedation has the potential to allow completion of the procedure much more efficiently than moderate sedation as it avoids the delays to meet NPO requirements and recovery time. Additional advantages include, less physical restraint of patients and not needing to extend the ER stay to place intravenous lines for sedation and recover these patients, both parent satisfiers. Furthermore, this study showed that patients can be discharged home quickly and safely after receiving INM. Compared to children needing recovery from intravenous sedation with agents such as Ketamine the recovery time and time to discharge after medication administration is shorter with INM. Prior studies have shown time to discharge after intravenous ketamine averages 2.1 h and up to 2.7 h when using intramuscular ketamine [25, 26] . A mean time of 55 min from INM dose to discharge in our study paired with high parent and provider satisfaction make INM an attractive alternative in certain circumstances.
There are limitations to our study. First, this study was conducted at a single center tertiary pediatric ED and thus our results may not be applicable to other practice settings. Second, we recognize that this was a convenience sample and patients were enrolled at the physicians' convenience therefore, there may have been some bias with regard to which patients were enrolled. Further, missing fasting times were unable to be obtained as they are not routinely documented in the chart when using INM, thus it is possible that these excluded patients could alter the results. However, a review of excluded patients shows no adverse events in this group. Finally, adverse events in sedation are rare (laryngospasm aspiration, hypoxia), thus this smaller sample may not have captured such events. Additional prospective studies using a larger sample size with shorter fasting times is needed to further delineate these results.
Conclusion
In conclusion, INM, used for sedation in the emergency department setting is safe even when used with relatively short fasting times. Parent and provider satisfaction are high with the use of INM when used with topical anesthetics for laceration repairs and other minor common pediatric ED procedures. In busy ED settings, using the intranasal route involves less staff, less physical restraint of patients, and likely a faster throughput of patients than other forms of sedation. 
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